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Cb) 



<c) 





ABSTRACT : 



PROBLEM TO BE SOLVED: To prevent a gate oxidized film and a substrate from being 
damaged at the time of performing patterning for forming the gate electrode of a MOSFET. 

SOLUTION: An Si02 gate oxidized film 1 1 and a polysilicon gate electrode film 12 are 
formed on a substrate 10, and the electrode film 12 is patterned by dry etching by utilizing 
a photoresist mask 13. In the patterning step, the polysilicon film 12 is left by about 100 " 
in thickness by main etching which is perfomned while a CI2/HBr/CF4 gas is made to flow 
and the thickness of the film 12 is measured. Then the remaining portion of the film 12 is 
removed by over-etching which is performed while HBr/02 is made to flow. Even in a 
high-pattern density area, consequently, the formation of sub-trenches is suppressed by 
the presence of the CF4 and the surfaces of the gate oxidized film and substrate can be 
prevented from being damaged. 
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(57) CS#^] 

[sm^fi] *^ 1 o±tc , s i Oiis-h^h f- vm 
•fid^ 1 1 ^it/'-K >j u 3 h y- i-^n 12*- 

L . 7 ^ M-- h -7X ;7 1 3 ilffl L T hi 

-^yy:LWC\t . Clj/HBr/C F4 75X*rj1[Lao;K 
'J i/ D 3 y H 1 2 tfOj^Jl Srai|5t L=&:6'' ^> ^ > ^ V X y 
f-y^T'^^'J !) 3 1 2 «r 1 0 0 KWSBs}^; ?^V » 

V %X U T{C:*j V >T C F 4 <7):^{C J: o T-^" 7' h U" > f- 
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X1§*^ . C U , H Brm/C F 4 iO#4Tt''-K y i-' U 3 v 
P.S: V 5 ^ X y f - y r^'-r -i > X v ^ >':7'X^>: , H 
B rRJ/O', c7)#ffiT-C''+f U i' 'J 3 >-Bi«r K 9 X v ^ V 
!> Jl--^* <-x «•/ ^>^^XSi: ^Wl;^t'^-S> CI *• 

[1*5^112] Huia^-f ^x^/f-^iJ^xsT'ti. CF4 
<Dm^i}^ 30-50SCC m<7)smx'h »; > nrn^sji 

i}i 1 0 mTorrr^) ^Zt'tmLtti'. fS«« 1 1-12^ 

[i«*«3] B«i£jr-'<-x y^yj/xmi:'«i. #si 

^:»J**5 0iiiTorrtUiT3bO> H Brat^'OziOgita*^' 
1 0 0~2 0 0 s c crriRL'' 1~3 s c cmtfO® 

[00 0 n 

[00 02] 

[^*^SItf] 4^^«:|lffi<0iSA»(l:t^f*VV MOSF 

(^^ 7 ;r h 'J Wyy h a.t>'H7-^x y f->^'"tfeftir2rfi| 

<J y 3 >'im . h it (LBS ( S i O 2 ) t cOjlJR Jrb*' 
<KV >;>< ^ >-X y ^ y ^''TF/fJE^W^jStCX -y f-y L 

f^iz. y- hf^(l:Mi:i^3M}Pvit**Sv^5r->''<-x v-^y 
^^tc: j: -pT y- h?^ fmiOa®*T'X>y f-y^^-r^ . 
[0003] L*^L , ±fetf^$il7tjS»r{cM->-C y- 

[0004] ^mW- 1 1 -26079 9#-iJi5tC{i. Ji 

yrzyOxyNSO 1±(C, 3 n mc?)B!fl:)l (SiO.M) 
302s 2 00nm«OH— rh'/t^'Jv-'J^y (DOPO 
S)P.3 03. 2 0 0 nnK^S-fbv-'J^yliS 0 4^:^: 
<OJlit:JI?I^U-CV »l> . mit>' y 3y|i3 0 4{i7 ^ h 'J 
y7'7 7 -ft-J:oTjPX$ilt::feO. ^c7jS'l>*^i|i{i: 
0. 1 3>^rrit:'5>i>» 



[0 0 0 5] M-(I:i^y3yM3 04 2rv;?>:?i:LT, D 
OPOSM303*: mmiOy. t y 7' (C J: o T X <y ^ > 
t^. ^lcr)Xr- -yy'Xi±, fifiJ;ctf^t^>S'7. (CI2) ^ 
1 2 0 Bl/iBi n<7)giS-C«T.& L 00 , ^J^ffi:^ S: 0 . 1 
Pa, RF^^jt: 1 bOmW. ^o^«:tJ*r 5 0 0 
m Wi: t ^fl^-C- 5 #f5x y ^ v-i/f S ZtX\ D O P 

■rv7°{i^-f yX-yf-y^^t-JfeO, ClO^-O-X yf-y 
?^X3g-Ct4, CljSLlSrl OSml/min, 
(O2) WLiarl 2ml/niini: LT, DOPOSP,3 0 3 
i:®?^bM3 0 2 i:«0S-C'i0MlRi:bSr'h$ < t-CDOPO 

SM3 0 3<r>:i^"/^yi^t'no\ 

[ 0 0 0 6 ] yx ■y^yriin'Piz. ^=f»^ y r 

A'i'-f Aj^J¥^:-^{Cj:-5-C, DOPOS!^3 0 3iOS 
0 (r>mW-z: Mm. L . M W 3 0 nmLZ^^-^fz mAXJ< 
yXy^y:/XS*»4> . f^3<r)X^-yrX$)^^'-^^~ 
X -y ^ y yjLmzWi=i-th . C C05j--y -^-X y ^ V 7X 
g-C-ti, DOPOSM303i: iSIL)^ 3 0 2 iOPBlcOiS*? 
)t^m^htz^^Z^ OjiTal;ar3ml/niins H BraSSSr 
1 0 Oml/'ininfc LTff^ . 

[0 0 07] DOPOSI13 0 3«73Xyf->;?'(C^-L 

y~Vm.i\:M3 0 1 i:i0^i?5SlRit;6^'ffiV»;'<^ >-x 
•y^y^JMh. ^S^RJ:b*>'ft^^5^-->'^'-X.yf•>'^'X^ . 
i: $ffi^^-&*)-fr-S. CI i: tii . 1r- hmms 0 2 IC. 

^-r^X-y^y^^r^^-V^^Kih^^. iftlC, 

WM^ =-^'\>z^'^X^}T)V^-{M. l,zmMz:m^-t^ i i: 
t% ^-f yx yf-y;5''xgt7i--A-x-y^y^igi: 

ioi^o-rojft;i2:. m^t^^oposm^mMfiZ'^'^x 

muLx^^h. 

[0008] 

[^BJ^^MiftL J; -5 h-ttWMl ±S5:'Jm>zmWL<7Mm 
o»fflJnX^rS-C'{i , '^x/ \±t'c7)y — y^m<r>mz 
l^X. DOPO smt^zmt V < h U y^if% 

iL, ^c^ytiib. W^th DOPO SMiOMmiH/zai 
*l.i:V^dPa1S*'<^l.. CO^^rUlO (a)~ 

( c ) iz^Vfz. 

[0009 ] i-r. 01 0 ( a ) icTT-r J: o tc. y 

xv/ f->':^''4't2#t:'^:5'-y^-S*'^^'5:x y Tizii^^ 
•CDOPO SI13 0 3<?3ll!lMfc'Srl)SI5*l:fil*»^-9-:/h 
\^y^3 0 3ifi%±t^.> :L<7)^yVVy^3 0 3\i.. 

y:i^-v^y^'m%l^^X'lt, [51121(b) (c^fJ: 
d tC . y- b ^ftJl 3 0 2 ioaffit:: t XiWii t , 
i7J:t— X>yf->':/XS(::fcV >-C^3 0 KO^ffitC 

I,. 0^0, yjz-/^>i>'X'1f-VmtW:3 0 2\,Z 
j^WL^ixti^rV Wi-3 0 5t±, -?-Of^<7^5}--v\'-x 
•y -J^ViJ^tC J: o•CS^*ffi{C^T'it^TLT^^:^^;< — 
5.^$-tf^ itib^lSMOSFETcO^tt^r^^^t^-li-l) 

[ 0 0 1 0 ] ;^ ^ >-x y f- yy^\,z-^y' V v y^-ffi^ 
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coSS*. D O P O SM^Bi^liJSiOtf 'c.ot t-:^* < 
tJ&^L, t^iJMi, 3£0B#liJS«0(fii-t>*}qi$iJ 

[00111 ±ie(c^;^, *2^f*^aioKjt 

urn, MosFET^^-r«.^f*^s^iJjtt= 

j^>'f&iLliV\ MO S F ETcoy- M:@<50>'N*^'-- 
[00 12] 

x-y^V^^XSt, HBr,Rl/fO2i0#?£Tt:';K'J i^'J 3 

^nij^icw-r -5. ^ ^'m.htt » *%Bfl^^*#H:^^a 

J: -5-C^ffi$i|ffil1t J: < X y ^ L , jT-^n'-x -y l-y 

T'-t^. :<-iyx.-y^yyxmi,zmLx. m^^ix^^ 
't^<^x\ Titv i^v ^ymizmfSi^ti^-^y^huyi-(^ 

ffMji^KihT ^ , ;< ^ >-x >y ^ yf^xmmz^i^ U U 3 

[ 0 0 1 3 ] ^-fcs 1 1-17 6 8 0 4-^i>$glC 

ii- ^^J-y^-'J-y--^ FMST/'-KU^-'J 3yM$:JiliiCi:x 
>y^y^^-r-2>^^t:- -e^OX>yf->-;/;<fXi; t-THBrC 
CF4*-^-^-r-S.©*^'IB«J$iXTV>|,, L*»L, m/^m 
iZhv^X C F4 B&'Jii. Ti S 12 1 S i C7)x y 

^y^V— V *j£#ttTx>y ^y^iT^pglc^-r^?^^ *: 
-I. 0 . -^Wfi^zii ift^7 hu y^<m 

Lfcm.'»^m<^^itizicm tx . Htria;^ >-x y 
^X!§*'^^-^ <-x y f- y ^nmzm 0 ^ . 



ifmi.z-m.mzm!,x'h h . 

[0014] -^fz. Buf£p<^ yx-y^y;/Xg-C(4, C 
F 4 30~50scc mCO^-eS) 0 . Hffl^ 

ffi**^l OinTorr-C'ifel)^: i^^W^^t- Ll^SI.«-C' 

-e § , , ^ST'S: x;u-7° y h T'x -y f - y fif^^X 
hh. OF i<DmMifi:z<r)mmTX'ki^'^v\yy^<^ 
mmmi:nuwx'%^£< . iiTjigsiiyjb-eti, %hixh 

y- hW^cr^-^m^^zliih-o^t^^-fh . 

[ 0 0 1 5 ] Mt:. i?iie:^-^<-xvf-y^-(:'{4, mm 

^&M^3 OmTorrJ^Lh-CS) 0 . \lBrmfOt<7)^m.ifi 
1 0 0-^2 00 s c cm, 1 ~- 3 s c c mT'l) S 1 

3 yMi:£0am3t/sWi:i:*c% <ti\X. m\m 
ic-^ X. ^ r ;^ - < ^ S , 

[0016] *^BH<?5^#{4^^S<50^it:^S{3J: & ^ . 
;K U U 3 vM/j^ 0 . 1 TCi\:XY<n^i:^~th f— h 
«=^2r?^Ji5i^^ vl i: T&'-c'i , ^#t»:iM:ftiO^«HlVI O S F 

E Tizim^mik<^y'- hvmii^n^tL?> . ^oi^o^ 

yMc7-jx y^yi/C)^:ti^!!ffli-2>-7X^i: trti, 

h V =jx h mximw^ 0 3 ys^mtmmx'^ i. . 

[0017] 

[OO1S]01 (a)~(c) {±^^ , ^WM(7}-m 

mmmmizi^^^i»i^^Mcn)m&-ijm(oiLm^m<!Kiz7r: 

mxU, *-r, Inlll (a) ^Z^~tX'jiz. ^•J3y*^ 

1 0 mrn-A^ 6 0 Aiov- >; 3 yisfkM 1 1 Rt/^mt< 

1 5 OOAoy-h^ffilKl 2S:J^B!tL. -e.<?>±t"7:r 

-hm®^12{-{4. 0iRi4'H-rh^'Ji^'J3y (D 
OP OS) M**fflV^^>il&o 
[0019] iX.^'^X. '^x./\7.-f— >'<7)jSjg 
jg) 2:6 O'C, C\i<7)mR^5 0 s c cnit L. 
jE:^Iar5DiTorr, y-;7v>'N''7— 2 0 0 y^-fTX''? 
«7— *• 1 0 OWi: tr . 5#^cox>y^y^^*r^fV^, D 

o p o sjli 2 ±tc^ i^rz smmtm^m^i-h 

[ 0 0' 2 0 ] mz. ymmk l 2 a: K 7 ^ x y f-y 
^■th^^ y:^"/^y!^TM^zWii-th. ^^yx /^ 
y^^XSti, Cl2<7Jsaft$: 5 0 s c c m, H BriOi^ 
^ 9 0 s c c m , C F4COg5ft2: 4 0 s c c m i: L , % 
Simff:^*r5niTorr, y-XM*'7-$r 3 0 0 W, nMT 
Sr 6 0 W i: LTff ^ , i O^f+C J; I. > , y— 
VmW^A 2fOXyf-U-h{41 700A-C\ i^-ttti 
±4. 4%T'.1=,-I., y-MISSm 2ty'-MS 

- MS ft^. 1 1 i^OSI^Rlt«r/J^$ < f -S. C i: l::<fc . 
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mii.<r)%it^^ \.fzhti.z. i. y- h i 2 

<nmW.MUfB.'\^X'\ 0 0 A. m±X'2 3 0 A-C$> 
0, nt.Lv^lmmzhhb\^X . it-rs-a^-z^yyn 
mizWn-th. ^(n^-'^-x.y^y/lMX'^i. HB 
T<r)^M.^ 1 5 0 s c c m , O2<30SLa^ 1 ■ 5 s c c m 
i:L, f|ffl^:»3a:6 0mTorr. y-xy\-y-Sr2 5 0 

Z(r>^mzi.ht. y-hBffi^l 2c7)X/f-^-h{i 
120 OAT', tt;6*±3. 4%-C'$>^, SJt, 

b^ii 1 2 1 bEs-ft®! 1 1 h (m<r>wsmt. 2 

[0022] s-x -y f - y9'JM.<7yi'kT^^X'ii. 
K'ftMl l{i;?&i:V/<-iOSit?S^?L«ffi(clStiJ-r§, * 

[00 2 3] iiacoidtc, ^•^VXv^V'i/xm*^^^ 
- hmffiM 1 2 iO^ar^'l^t- lOOAh-T^i:, 
y^v— hcotziblz. :ii y^y-f^-t^tiiLmzm^'th 

y-hmMmi2<7mmii2 3 0An^t^^. 
xyf-y^xg-ey-bmffiPa 2^J¥<^si-t, ^(7) 
tkcr)TSmiKit<r>:i-'-^<—:i^-/^y^i>zX -oX . y— vn. 

ffitSU 1 2 1. i: ^ L < . flti:^r. ^ Vx -y ^ 

>-;?xM*'i?-T \.fzn^X'y- 1 2«oMii:3!)*-fe' 

o i: ^ >. T y- h mcM. 1 1 $ftffi-ri> ^.^tiRJEfit-r ^ 

jtj'^rj^ ^ >-x -y ^ > i^x^T-y- V m®jp. i 2 
<nmmz^W£mwmfi%hfdx\t. ^<nvk\,z\^in>ti.h 

>f-y-c-x>y^:^iJ^XS-C'{i. ^<7)^a:^SEtt*«ltf# 

±ie^-cy- hmffiMt-ma 

[00 24] EI2{i. ^t^^tl-tiS, ^#-ri.y-h 
WiM. 1 2 'JT;t-:5' ^ Lm^(7M'r'^m L T v ^ 

A<.myyy'2 It^^^cD^^fc? r 4 ■><>22\,zii r>X 
S 7- 2 3 msgSt L . 5 5-23 *'ic><7jRSt7tSr U >-X 
2 4at>'5^'^''f >'K'>2 5*:fl-LT, X yf-y^^^r 
y^<2 6|*l«OTa5^2 S±(Ctf®L7t:'*7X.n2 7 
StLTt*?., '^xyN2 7 7t'^f>EWLJ^-^{i:. W?/. 51? 

y. l^*!^ 2 5&t>V >-X2 4 S::/r LT 5 7 - 2 3 t-B?. 



ItL. 57-2 33&»<i>«0RSt5t{±3fe7r>fA-2 2SrM 
6LTT'*1^aifl2 9{:7Jtt-Co-l.. 3^-C\ -^X'A 

||2 9-rl^tt}$ixi.. 

[ 0 0 2 5 ] ^ yx ■v-f-y^'umzm LX , iM-T^ 
^#^>i^l)^«$^RA^^c . pjs 1 5 0 0 AC7)y- hmmm, 

SrX.y^yi^'L^cl^tfctt-i., iS«24 5nmC0^. 
*3 6 5nm03t, BXf, \^^A3 5 nm<DMZi.h^ 
^^5tT^cOMai!i^«S:> 03~5C^t/c. ^tlll(4x 

•y f- y ^c7^jlffB#^^^^ t , ji(iiliPJ)Six7^^#ft-^ 

y^,i^l,z:iiyf-yyLmhh tX'WiU^WiVz, 

[0026] m3--'m3<7)im.-h'hmmx'^ h ^'jf>z, 

m3\>Z^.LfzM2 5 4 nmcO^t-C'iOT^Mt'ti, * 

[ 0 0 2 7 ] 1214 T-i± , ^ U 'J :3 yM*^'^^t=:x -y ^ 
yi?-$^17^cB#;^^3!)-^>j£» LT , X y f-y^^RI4&A»/o$t4 

o#^miw^-r2. T}^fS#*^*x "/ ^y^^xgco^j|JJft 

y)lc7)?^ffflPJ¥J4e;'v:-<:' 5 0 0 A-ej) 0 , JtScfi^Sit:: 
X y ^ y rJ^XS*??^!}^^.^^!^:*^.* L T V ^1. , 
[0028] HSrti, X -y ^y i!''raiw>6»'o^2 0#f^ 

J¥<7)#.:^(4 1 0 0 0 AX'S!) -53^^. -:>^ 0, 1^a$iX3^^fi 
■^{i:, XW^;ttjia^^:i^.'ST'i'Jfi-^-C{i:^:< , Mo 

[0029] IXmm^^t^^ . &*3 6 5 n mO^^Sr 

^ ( xy h' .-K^ y h ) ^^\:Zr^J^X'% h "^mh . 
[0030] I16{i, M)¥ 1 0 0 0 A^Jd-« y y 3 yM 
^rX y^y^-T'&l^tr^^as 6 5 nmC7>3fe-C'flM$n/:: 
3t=F#fi-^ tr 1 L LT V ^4 . x -y 
f-y^'Xgco-tmi.Bt^i^.Sr^K-txy H.-tc-f y b{4, x-y 

^yi/mm^e,5 4¥ymmmz?t±btz, ^crmiz. > 
^ y X >y ^ y^jM(7-m'ikX'9^m-^^^mj^ tts^^^ 
m7iz9ni-,. 137 (a) iizLy^y'^^wicoy-vmrnc^) 

WMM^^i^^L. PIIK b) l±xyK:j^^ y M-*={t 
hm^-ir^^^n'^lX^^h. xy F7t^-f yhlciJft^KJS 
{4, 119-174 A<7^ieffl(-^) 0 , ^C7)^mt2 5 2 
kXh-^fZ. ^«3 6 5nm<03fCail!J 

[0031 ] ^tmnmum^^y- hmmmnnrvi-bx 
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Xmmi-fzt^. ZttiZttlXmmi COS c cmcOC 

mmm 

0 . 1 S 0. 2 4ai m(73*t^(COV ^X ±Mi 

:^mBMcommmmRtm?^mjX'i7& t x-n-^ t: , 
[0032] m?^mi<7)ij&x'U. xv^^i^^f+fc t 
X . e w^imm^:^^ -rx-it . c i ^ <ni^^ 5 o s 

ccm. 5?Hmffi^lSr5mTorr. V-X/>UTX/<^ 
-^2 0 0/1 0 OWh SUmi-yfz. ;<-iyx. y 
-f-yyX'\tC\i/WBr/'Oi<DmM.z: 1 0 0/1 5 0/ 
3 s c c m, #ffl^:^jSr 1 OmTorr, V-X/M'^f T 
.7.yNV— ar3 0 0/2 5Wh L, l^jSl^^fi'^T.^- 

yycr,:r.-y^yy'S^i[l,±4 5fi>mX'$)-oti. jj-— >'^"— x 
-y^^'^^-C'ti:, HBr/OjiDSilSar 1 5 0/1 . 5sc 
cm, #SIME:^^ eOmTorr. V-X/^n'-^ TXyN'-? 
-S-2 5 0/7 5Wi: L . 4 5f4'l^4T-:)/c, S^jS^ii 
6 ox; i: Lit, 

[0033] ^sm^.PJi7):fi-ft-(:'{i, g^;ftBSfl:^l^*x 

>-:5''-C{i:, CI2/H Br/C FiOi^S: 5 0/9 0/4 
0 s c c m . l?fflfvEi3 5 mTorr , V -X/' r;7. 
VN-'7-^3 0 0/6 OWt L, ^76*:fe-Si:ISlt4 5#fBl 
C7)X y f-y :?'' 2rff-^;'::, y N— X y f- y^'Xit . H B 
r/Oz<r>mM.^ 15 0/1. 5 s c c rru #a^JI-t)^ 
6 OmTorr, V-X/^^^f TXr^V-^ 2 5 0/7 5 W 

[0034] llfi|^^3rllS(a)- ( d ) {Z^-f mm 
( a ) jStt/ ( b ) itVtmj&i')^ -i >'X y ^>'/f^a.?/ 

( c ) ( d ) {i. -^%^nijm<r)AA yy.-/^y-/'^k 
[0035] ge*:^-&-C«$ix/i>-- j< 

XX >y ^y^f^C . -t^-^ K X y^yf^mfmSltf X •/ 

'J'yym^f.. Mt>'t;. !#lcvN":J'->'^lE*'"ftt'»xiJT-C' 
-r<-x.y^>'25^f^{ctS§ltB4^*^'^^>^t?'::. 2^ 

Mco-tf-f Kx-yf-y^^'^ie^i^x-yf-yi^-jg^fc. "^ryh 
[0036] ^^tB^iimzm-r^mt Lv^x. y^y/^ 

fri: LTti, ;^ -< yx-yf->-^?'XStt>lt'2.C F4 OeS 
fti±3 0 — 5 0 s c c mCOSeMt L, ^H^JE:*Jar 1 0 
mTorr i:t-|>. ::i--A<-X y^>':J^Xat'{±, l?ffl«E 
^ 5 0 inTorryji> L . H BraLi^'Oa fJilSJ^'^ ^ , 
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